Nanocomposite material proves to be the best candidate to match today's technological need as fascinating properties can be achieved by combining two or more nanomaterials. Among various nanomaterials, graphene is able to stand out far ahead of all others because of its novel structure and exclusive characteristics. In particular, graphene-metal nanocomposites have attracted enormous interest for their prospective use in various fields, including electronics, electrical and energy-related areas. However, for the utmost use of potential of graphene, it has to be homogenously embedded into metal matrices. Thus, appropriate synthesis route is decisive to obtain graphene-metal nanocomposites with desired properties. This chapter will summarize the different synthesis routes of high-quality graphene-metal nanocomposites along with their current developments. one is the called matrix or binder which encloses and binds together fragments or fibres of the other material, termed as reinforcement. If one of the constituent materials of the composite is of nanometer dimension then the composite is called nanocomposite 1 and in most of the cases the nanomaterial are used as reinforcement material. Since the advent of nanomaterial several of them is used to synthesise nanocomposite, as nanomaterial possesses remarkable improvement in their properties compared to their bulk counterpart 2 . The inclusion of nanomaterial as the reinforcement in the parent matrix also significantly enhances the properties of the resulting nanocomposite 3 . Among the different nanomaterials graphene has emerged as one of the most prospective nanomaterials due to the unique combination of its exotic properties 4 . Based on the binder material graphene nanocomposite can be categorized as graphene metal/metal oxide nanocomposite 5 , graphene ceramic nanocomposite 6 , graphene semiconductor nanocomposite 7 and graphene polymer nanocomposite 8 . Among various nanocomposites, graphene-metal/metal oxide composites have attracted considerable attention because of their potential applications in energy 9 and health 10 -related areas.
Introduction
Development of new material is the fundamental culture of human race since its birth. Thus in order to accomplish unique properties, two or more materials can be combined resulting in a new material called composite material. Composite materials are solids that comprised of two or more different elements or phases, on a scale larger than the size of an atom. Since the birth of civilisation the synthesis of composite material started its journey with the invention of mud bricks and concrete. In general, composites are comprised of two types of materials, 
Synthesis of graphene-metal/metal oxide nanocomposites
There are various routs to synthesize graphene-metal/metal oxide nanocomposites as shown in the illustration below. 
Solution Mixing Method
Solution mixing method is widely used to synthesise of graphene-metal/metal oxide nanocomposite as it can be performed at low temperature, promotes faster de-aggregation and dispersion of reinforcement material and produce composites with uniform reinforcement dispersion 34 . Tang et al. 35 
Sol-gel method
The sol-gel route 44 provides simple, inexpensive preparation of a homogeneous composite material with excellent compositional control and thus used in many applications 45 . Zhang et al. 46 used tetrabutyl titanate and GO as the starting materials for the sol gel synthesis of graphene-TiO 2 nanocomposites and found that the photocatalytic activity of the composite was affected by both graphene content and the calcinations atmosphere. Li et al. 47 used sol gel method to ultra-disperse TiO 2 nanoparticles on graphene with extreme control so that the grown material can achieve twice the specific capacity as that of mechanically mixed composites. Innocenzi et al. 48 made optically transparent graphene-SiO 2 nanocomposite via sol gel process using 1-vinyl-2-pyrrolidone and SiCl 4 to avoid aggregation of graphene sheet.
The grown nanocomposites can be potentially used in optical limiters. Hintze et al. 49 composite was prepared by Nayak et al. 54 via sol gel process for electrochemical supercapacitor application as it revealed specific capacitance of 17-4 mF/cm 2 and 95% retention of capacitance after 2000 cycles. Giampiccolo et al. 55 synthesised graphene-TiO 2 nanocomposite via sol-gel route for the sensing of harmful gas NO 2 with the detection limit of about 50 ppb to provide a safer environment.
Hydrothermal/ Solvothermal method
Hydrothermal and solvothermal synthesis are the methods of producing composites generally in an autoclave under high temperatures and pressures 56 . Aqueous solution is used hydrothermal method while in solvothermal method non-aqueous solution is used. GO-TiO 2 nanocomposite was synthesised via two step hydrothermal method by Liang et al. 57 which showed superior photocatalytic activity to other forms of TiO 2 . Yang et al. 58 deposited Ag nanoparticle on graphene using solvothermal method to fabricate graphene-Ag nanocomposites with excellent electroconductibility using ethylene glycol or deionzed water/hydrazine. The hydrazine proved to be better reducing agent thus had more control over the size and morphology of Ag nanoparticle. Lin-jun et al. 59 did similar experiment and the resulted graphene-Ag nanocomposites showed electroconductibility of 2.94scm -1 . A novel hydrothermal route was devised by Lee et al. 60 to synthesise graphene wrapped TiO 2 nanoparticle for enhancing the photocatalytic activity of TiO 2 under visible light. For precise detection of nonenzymatic glucose Song et al. 61 synthesised GO-CuO nanocomposite using hydrothermal method and also varied the different parameters such as hydrothermal temperature, amount and structure of CuO in order to optimise the process and the grown material showed the possibility to be used for highly enhanced nonenzymatic glucose detection. Graphene-CeO 2 nanocomposite with high catalytic activity was prepared by Srivastava et al. 62 using hydrothermal method. Zhang et al. 63 66 using solvothermal method and investigated its adsorbent and antimicrobial properties. The examination revealed that prepared nanocomposite had good adsorption efficiency regarding the removal of toxic heavy metal ions (Pb and Cd) and can also act as an efficient antimicrobial agent. Zhang et al. 67 synthesized graphene-CuFe 2 O 4 nanocomposite employing solvothermal process and studied the electrochemical properties and the material exhibited electrochemical capacitance of 576.6 F·g -1 at current density 1 A·g -1 with high rate performance and cycling stability. Graphene-NiO nanocomposite was prepared by Narasimharao et al. 68 via hydrothermal synthesis which was of high potential for application in supercapacitor as electrode. Venkateshalu et al. 69 synthesised rGO-CoS 2 nanocomposite via hydrothermal process for application in supercapacitor and the grown material showed a specific capacitance of 28 F/g at a current density of 0.5 A/g. N-doped graphene-Fe 2 O 3 composites was synthesised via hydrothermal process by Pu et al. 70 using melamine as the nitrogen source. The resultant material showed a remarkable specific capacitance values at low and high current densities 698 (1 A/g) and 354 (20 A/g) F/g, respectively and established its candidature as material for supercapacitor. Sagadevan et al. 71 prepared graphene-SnO 2 nanocomposite using hydrothermal approach with high photocatalytic activity and the synthesised product can be potentially used for industrial waste water management. GO-MnO 2 nanocomposite was synthesised by Liang et al. 72 via one step hydrothermal process, which can used as adsorbent for the removal of heavy metal ions (Pb 2+ , Cu 2+ , Cd 2+ and Zn 2+ ) from aqueous solution.
Self assembly method
Self assembly 73 is a process in which a system's constituent reorganizes into some specific ordered or structure or pattern as a result of precise local interactions among the constituents themselves. Wang et al. 74 used anionic sulfate surfactants to stabilize graphene in aqueous medium and finally to felicitate self assembled growth of graphene-TiO 2 nanocomposite which can be potentially used in LIB for its high specific capacity. Liu et al. 75 devise an approach to self-assemble TiO 2 nanorods on GO sheets and the resulted nanocomposite showed enhanced photocatalytic activity under UV irradiation. Yang et al. 76 prepared rGO-encapsulated Cu nanoparticles employing electrostatic self assembly procedure which revealed exceptional electrocatalytic activity towards glucose oxidation along with a wide detection range, low detection limit and high sensitivity.
Microwave irradiation method
Microwave radiation 85 generates rapid intense heating in the interior of the sample and consequently reduces reaction times to provide cleaner reactions environment with energy saving. Zhang et al. 86 prepared graphene-magnetite nanocomposites employing microwave radiation which depicted high reversible as well as rate capacities (350 mAhg -1 ) and enhanced cycling performances (650 mAhg -1 ) thus suitable to be used as anode material of LIBs. Graphene-MnO 2 nanocomposite was synthesized using microwave irradiation by Yan et al. 87 which showed enhanced high rate electrochemical performance with specific capacitance as high as 310 Fg -1 . The same group 88 also prepared graphene-Co 3 O 4 nanocomposite having long cycle life via microwave irradiation, however the obtained maximum specific capacitance was 243.2 Fg -1 . Graphene-metal (Ag, Au, Pt and Pd) nanocomposites was synthesized by Subrahmanyam et al. 89 under microwave irradiation which displayed significant electronic interaction between the constituents resulted from the ionization energy and electron affinity of the metal particles. Marquardt et al. 90 used stable Ru or Rh metal nanoparticles to produce graphene metal nanocomposite via microwave irradiation which were capable to act as catalyst in hydrogenation reactions resulting in complete conversion of cyclohexene or benzene to cyclohexane under organic-solvent-free conditions. A simple two-step microwave assisted synthesis of GO-Fe 2 O 3 nanocomposite was carried out by Zhu et al. 91 which displayed discharge and charge capacities of 1693 and 1227 mAh/g, respectively with enhanced cycling performance and rate capability indicating its potential use as electrode materials for LIBs. Hsu et al. 92 prepared graphene-CuO nanocomposite and studied the photocatalytic performance of the material which indicated that increase in graphene amount increases the average rate constant. Nanocomposite of rGO-titanium oxide was prepared by Ates et al. 95 using microwave irradiation. Supercapacitors made using the resulted nanocomposite displayed large specific capacitance with a high energy and power density which made it a suitable material for supercapacitor application. Nagaraju et al. 96 synthesized graphene-WO 3 nanocomposite using in situ microwave irradiation and the nanocomposite displayed specific capacitance of 761 Fg -1 at the current density of 1 Ag -1 with excellent cyclic stability indicates the potential use in supercapacitor.
Ball milling method
In ball milling 97 or mechanical alloying process a powder mixture is placed in a closed vessel and thereafter undergoes high-energy collision from the balls. In this high energy process graphite can be ruptured to produce graphene sheets which can be further mixed with other materials to produce nanocomposite. He et al. 98 prepared graphene-Al 2 O 3 composite powders by ball milling method for different milling times. They concluded that addition of graphene hinders the grain growth of Al 2 O 3 resulting in production of finer particles.
Composites of GPL and powdered Al were prepared by Bartolucci et al. 99 106 using ball milling technique which depicted high reversible capacity, enhanced cycling stability, and good rate capability to be used as high-performance anode materials for LIBs. Zhang et al. 107 prepared GNS-Al nanocomposite using ball milling which revealed increase in hardness by 115.1% due to the refined microstructure and Orowan strengthening.
Electrochemical deposition method
Electrochemical 108 deposition is synthesis method where a film of solid metal is deposited from a solution of ions onto an electrically conducting surface. This inexpensive and scalable method offers several advantages like high purity of deposited materials and rigid control of the composition. Yin et al. 109 deposited monocrystalline ZnO nanorods having high donor concentration on highly conductive rGO films and the resultant nanocomposite was incorporated in an inorganic-organic hybrid solar cell to increase its efficiency. Graphene-MnO 2 nanowall hybrids were synthesised by Zhu et al. 110 via a one-step electrochemical approach and the synthesised materials exhibited potential for applications in electrochemical biosensors and supercapacitors. Gao et al. 111 devised a simple single-step ultrasonication assisted electrochemical route for the synthesis of graphene-PtNi nanocomposites which showed excellent electrochemical performance in detecting nonenzymatic amperometric glucose in human urine samples. Jagannadham studied the thermal 112 and electrical 113 conductivity of the graphene-Cu nanocomposite films synthesized by electrochemical deposition and the results indicated that the resultant material is suitable for electrofriction applications. Graphene-Ni nanocomposites were synthesised employing electrodeposition in a nickel sulfamate solution with GO sheets by Kuang et al. 114 . Measurements on the nanocomposite showed increased thermal conductivity and significantly improved hardness.
Xie et al. 115 synthesised rGO-Cu nanocomposite films with one-step electrochemical reduction deposition method which exhibited high electroactivity thus can be used in electrical contact materials. Ren et al. 116 successfully synthesized Graphene-Ni nanocomposite via electrochemical deposition and further examination revealed that elastic modulus of 240 GPa with a hardness of 4.6 GPa can be obtained with an addition of graphene as low as 0.05 g L −1 . GO-TiO 2 nanotube composite was synthesized via one-step anodization by Ali et al. 117 and the nanocomposite revealed a high photocatalytic activity for organics degradation under visible light.
Other methods
Other than the common methods described before some other methods or mixed methods are also used for the synthesis of graphene-metal/ metal oxide nanocomposite. Sun et al. 118 employed heterogeneous coagulation method for the synthesis of graphene-TiO 2 nanocomposites and upon incorporation it enhanced the power conversion efficiency of dye-sensitized solar cells. Biju 119 used both hydrothermal and solution mixing method for the preparation of α-Fe 2 O 3 -graphene nanocomposite.
Summary and outlook
Graphene-based metal nanocomposites demonstrated peerless potential which is reflected in their exponential increase in usage in various technological fields. As the requirements of high-performance graphene-metal/metal oxide nanocomposite increase with time, so much more research work will be carried out in this field. There are already seven major synthesis routes namely solution mixing, sol-gel, hydrothermal/solvothermal, self-assembly, microwave irradiation, ball milling, electrochemical deposition for the production of graphene-metal/metal oxide nanocomposite. The measurement of the resultant material depicted a great enhancement in mechanical, thermal and electrical properties. However, there are few key challenges remain related to synthesis methods, where scalable economical sustainable high quality graphene growth and reproducible homogeneous dispersion of graphene in metal matrix are most significant. The scalable economical 120 sustainable 121 high quality graphene growth is a matter of continuous challenge and researcher are seamlessly striving to address these issues. Functionalization of graphene 122 is proposed as a remedy to address the issues as it can modify the graphene metal interface in order to achieve homogeneous dispersion of graphene. Low bulk density of the graphene is another barrier to achieve homogeneous dispersion. All these studies indicate that the possibility of fabricating
